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PATENT 

Attorney Docket No.: 19593-000230 
HAIR REMOVAL DEVICE AND METHOD 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a divisional of and claims priority from U.S. Patent 
Application No. 09/2704 18 filed March 15, 1999, which is related to a Provisional 
Patent Application No. 60/124,450, and Provisional Patent Application No. 60/124,709, 
both filed on March 15, 1999, the disclosures of which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 
Use of light to denature very specific kinds of tissue has been called 
wavelength-selective photo-thermolysis. The use of lasers for this purpose has been well 
described in the literature. See, for example, R.G. Wheland, "Laser-assisted hair 
removal", Therein Dermatoloev . Vol. 15, pp. 469-477, and references cited. By 
choosing a laser with the right wavelength and energy per unit area (fluence), a particular 
light-absorbing target substance (chromophore) in living tissue, such as melanin or 
hemoglobin, will absorb energy from the laser beam and become hot enough to destroy 
functionality in the tissue containing the chromophore. Tissue in the same area that does 
not have high concentration of the target chromophore will not be affected. 

Hair includes two basic parts, the shaft, which is the portion of the hair 
above the epidermis, and the root, which is the portion below the surface of the epidermis 
Various tissues surround the root of the hair. Hair color is primarily do to the presence of 
melanin in the hair. Melanin is created at the base of the hair follicle and is passed into 
the hair as it grows. The presence of melanin has made it possible to use lasers and other 
light sources for hair removal with melanin as the target chromophore. The hair follicle 
and surrounding structure (referred to collectively as hair tissue) are selectively heated 
when the melanin in the hair tissue and in the hair root itself and is exposed to treatment 
radiation. The hair tissue is thermally damaged so that a result of the localized heating, 
many of the exposed hairs later atrophy and are sloughed from the epidermis. 
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The early work in this field was centered around a wavelength with very 
high melanin absorption, the pulsed ruby laser (694nm). Long pulse ruby lasers (as 
opposed to Q-switched ruby lasers) typically have a pulse duration in the 1 millisecond 
range. Although the wavelength is highly absorbed in melanin, the wavelength selection 
5 has significant limitations with darker skin types as the epidermis can blister from the 
superficial melanin heating. 

Many different approaches to hair removal have been explored since the 
early ruby laser evaluation. A common trend is a continual shift towards longer 
wavelengths, which have less melanin absorption, as it allows treatment of patients with a 

1 0 darker range of skin tones. Initially, alexandrite (755nm) was evaluated and later a diode 
approach (810nm). The alexandrite laser offers improved clinical capabilities over the 
ruby laser if one considers treatment of darker skin types. However, from engineering 
and system performance measures, the two systems are similar in terms of size, utility 
requirement, treatment speed, and system cost. In contrast, the high pulse energy diode 

15 laser allows the system to be much smaller than previous systems with an ability to run 
off of standard power. One commercially-available system, sold by Coherent of Santa 
Clara as Lightsheer, weighs in the 45kg (100 pound) range and allows the physician to 
treat the darkest skin types with minimal risk of post operative blistering. Unfortunately, 
the high pulse energy diode approach is very expensive as it requires up to 100 diode bars 

20 to achieve the peak powers needed for the desired clinical result. Another limitation with 
this approach is in the delivery device. The current Lightsheer system houses all diodes 
and associated hardware in a handpiece that is used in direct contact with the skin. This 
approach results in a heavy handpiece, weighing several pounds, that causes user fatigue 
and an overall bulky design. 

25 Dermatologists have used cooling devices in dermatologic applications 

prior to laser treatment. The purpose is to chill the skin with the understanding that 
exposure to treatment radiation will elevate the epidermal temperature. Chilling lowers 
the initial temperature so that the post treatment temperature at the epidermis will not 
create a heat-induced blister. U.S. Patent 5,735,844 describes apparatus which uses a 

30 cooled lens, through which radiation passes, pressed against the patient's skin to cool the 
epidermis. 
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SUMMARY OF THE INVENTION 
The present invention is directed to a hair removal device and method by which hair 
tissue-damaging radiation passes from a radiation source through a recessed window to 
5 the patient's skin. The hair removal device also includes a skin-cooling element having a 
cooling surface which is used to contact the skin prior to exposure of that skin area to the 
radiation. The window is laterally offset from the cooling surface as well as spaced apart 
from the cooling surface in a direction away from the patient's skin so to create a gap 
between the window and the patient's skin. 

10 The presence of a gap between the window of the radiation source and the 

patient's skin offers several benefits. One problem associated with a contact cooling 
window in direct contact with the skin is debris build up. Dermatologic tissue 
accumulates on the contact window as treatment pulses are delivered. The window must 
be periodically wiped in order to preserve the window from local, intense overheating that 

1 5 thermally and mechanically stresses the window and causes pitting. A recessed window 
does not exhibit this problem. Another advantage is that the window can be kept warm 
and above the local dewpoint temperature for both the inner and outer surfaces, so water 
and other condensables do not collect on it. Since the window is not in contact with the 
skin, it does not cause any re-heating of the pre-cooled skin. 

20 In one embodiment of a hair removal device the radiation source includes 

an optical chamber having an exit aperture covered by the recessed window and an 
optical fiber entrance in which an optical fiber can be housed to permit tissue-damaging 
radiation to pass from the optical fiber into the optical chamber. The optical chamber 
may also be heated to help prevent condensation from forming on the walls of the 

25 chamber or the window. The window may include both an inner window and an outer, 
user-replaceable window; if the outer window becomes damaged through use, it can be 
easily replaced without affecting the integrity of the optical chamber. This is an 
advantage over fixed, single window designs that are rendered unusable if there is a 
surface imperfection due to, for example, localized pitting. 

30 The hair removal device may be coupled to a laser which supplies laser 

light to the radiation source for passage through the recessed window. The laser may be 
controlled by user-operated laser power inputs including a laser-pulse duration input and 
one of a laser-pulse amplitude input and a laser-pulse fluence input. The laser-pulse 



( 



duration input may be adjusted according to the diameter of the hair, which corresponds 
to the thermal relaxation time of the hair. Therefore, smaller diameter hairs will typically 
call for shorter laser-pulse duration inputs while larger diameter hairs will call for a 
longer laser-pulse duration inputs. Although larger diameter hairs will be selectively 
5 heated with short pulses, defined as a pulse duration shorter than the thermal relaxation 
time of hair, the peak power on the epidermis is unnecessarily higher than it needs to be. 
This can result in a heat-induced blister. 

Another aspect of the invention relates to a method for removing hair 
including the steps of (1) determining the diameter typical of the hair to be removed, (2) 

10 selecting a laser-pulse duration for a hair removal device according to this diameter of the 
hair so that smaller diameter hair results in a shorter laser-pulse duration than larger 
diameter hair, and (3) applying laser energy through a window of a hair removal device of 
the selected laser-pulse duration to a patient's skin to cause thermal injury to hair tissue. 
This applies to both individual hairs and a plurality of hairs. 

15 The method may include selecting a chosen one of a laser-pulse amplitude 

and a laser-pulse fluence prior to the applying step. Further, the method may also include 
positioning a cooling element of the hair removal device against a first target area and 
then moving, after a period of time, the cooling element from the first target area to a 
second target area so that the window overlies and is spaced apart from the first target 

20 area; laser energy is then applied to the first target area through the window with the 
window overlying and spaced apart from the first target area. 

The pulse duration has been shown to have significant clinical 
implications. A short pulse, typically in the sub-5ms, range creates high peak powers 
because high fluence is required to deliver enough energy to achieve the proper clinical 

25 endpoint. High peak power tends to heat the epidermis. Longer pulses result in lower 
peak power. 

Shorter wavelengths, such as 694nm, do not penetrate deeply into the 
patient's skin so, some believe, that it may be desirable, with such shorter wavelengths, to 
use a convex window pressing against the skin to shorten the path from the window to the 
30 hair tissue as is taught by U.S. Patent No. 5,735,844 patent. It has been found that by the 
use of longer wavelengths which are still absorbed by melanin, such as 800 to 1200nm, it 
is not necessary for the window of the radiation source to press against the patient's skin 
to effectively irradiate the hair tissue at a target area. 



Another aspect of the invention is the recognition that it is not necessary to 
cool the skin the same time it is being irradiated. This is because once the skin has been 
cooled through contact with a cold surface, removal of the cold surface permits the skin to 
warm up but it does so much more slowly than it has cooled down because it is relying 

5 almost entirely on convection rather than conduction. Recognizing the fact that the skin 
remains sufficiently cool for a second or two after removal of the cooling surface permits 
the window of the radiation source to be positioned spaced apart from the surface of the 
skin. This eliminates some problems created when the window of the radiation source 
directly contacts the skin during irradiation, such as window surface damage caused by 

10 intense heating from hair fragments that are heated by the laser beam. 

A further aspect of the invention is the recognition that radiation in the 
longer wavelengths (about 800 to 1200nm) of the band of melanin-absorbing radiation, 
typically considered from about 600nm to 1200nm, can be used without the need for the 
use of chromophore contaminants as taught by U.S. Patent 5,425,728. 

15 Other features and advantages of the invention will appear from the 

following description in which the preferred embodiments have been set forth in detail in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 Fig. 1 is a simplified cross-sectional view of a hair with its root within a 

hair follicle; 

Fig. 2 plots absorption coefficient versus wavelength for different 
substances including melanin; 

Fig. 3 is a schematic representation of a hair removal assembly made 
25 according to the invention; 

Fig. 3 A is a simplified side view of the hair removal device of Fig. 3 with 
portions broken away to show internal detail; 

Fig. 3B is a simplified cross-sectional view taken along line 3B-3B of Fig. 

3A; 

30 Fig. 4 is a bottom plan view of the hair removal device of Fig. 3 A; 

Fig. 4A is an overall view of the lower end of an alternative embodiment 
of the hair removal device of Fig. 3 A; 
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Fig. 5 is a theoretical plot of fluence versus radial position for a diverging 

beam; 

Fit. 5 A shows an idealized plot of how to square off or equalize the 
fluence of the beam of Fig. 5; 
5 Fig. 6 is a simplified view of the radiation source of Fig. 3 showing how 

radiation is reflected from the walls of the reflective chamber to help equalize radiation 
intensity and reduce hot spots; 

Fig. 7 shows several idealized plots of temperature versus depth below the 

skin surface; 

10 Figs. 8 A, 8b, 8C and 8D are two isometric views, a top plan view and an 

end view of another alternative embodiment of the hair removal device of Fig. 3 A with 
the economically shaped body removed; 

Fig. 9 is a simplified partial cross-sectional view of an alternative 
embodiment of the hair removal device of Fig. 3 A in which the device is configured to 
1 5 permit the user to see the skin area being treated; and 

Fig. 10 is a simplified view of the bottom of a further alternative 
embodiment of the hair removal device of Fig. 3 A showing leading and trailing cooling 
surfaces. 



20 DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

Fig. 1 illustrates, in simplified form, a hair 2 including a shaft 4 extending 
above skin surface 6 and a root 8 extending below the skin surface. The root 8 passes 
through epidermis 10 into dermis 12 with the base of the root being about 4mm below 
surface 6. Root 8 is housed within hair follicle 14, hair follicle 14 being surrounded by 

25 various tissues including connective tissue sheath 16 and blood vessels 18. The various 
tissues closely surrounding root 8 and connected with the growth of hair 2, including hair 
follicle 14 and connective tissue sheath 16, are collectively referred to as hair tissue 20 in 
this application. 

Because melanin is also present in epidermis 1 0, with darker skin types 
30 having more melanin than lighter skin types, it is important that the wavelength be long 
enough so that absorption is low for the moderate concentrations in melanin in the 
epidermis to permit most of the light to pass through to the root 8 and hair tissue 20 where 
melanin concentrations are relatively high compared to the epidermis. Therefore, it is 
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preferred to use wavelengths in the 800 to 1200nm range; in particular, an Nd:YAG 
(neodimium-doped YAG) laser having a wavelength of 1.06 micron is preferred because 
it is a relatively efficient source and the technology is well developed and readily 
available. 

5 Fig. 3 illustrates, schematically, a hair removal assembly 21 including a 

hand-held hair removal device 22, device 22 shown in more detail in the simplified views 
of Figs. 3 A and 3B. Device 22 includes a hand-grippable body 24 having an upper or 
outer end 26 into which an umbilical cable 28 passes. Body 24 also has a lower or skin 
contacting end 30 housing a formed aluminum block 32, block 32 having various cavities 
10 to provide various features and functions as described below. Block 32 defines a cooling 
surface 34, see also Fig. 4, which is used to contact the patient's skin and cool the skin 
and prior to irradiation. Surface 34 is a low friction, high lubricity surface to help prevent 
bonding between the cooling surface and the skin. 

Aluminum block 32 also houses a radiation source 36. Radiation source 
15 36 includes a reflective chamber 38, in this embodiment having a square cross-sectional 
shape. Reflective chamber 38 has its walls covered with a highly reflective material, such 
as gold; the material is chosen for its reflective qualities for the particular wavelength 
radiation to be used. Other materials, such as dielectric layers combined with high- 
reflectivity metals, could also be used. Chamber 38 has an optical fiber entrance 40 to 
20 permit an optical fiber 42, or a bundle of optical fibers, to extend into chamber 38. The 
opposite end of chamber 38 has an exit aperture 44 covered by a recessed window 46. 
Recessed window 46 is spaced apart from cooling surface 34 by a distance or gap 47, 
such as about 1 to 3mm (.04 to .12in). Recessed window 46 includes an inner window 
48, typically permanently or semi-permanently mounted to aluminum block 32 at exit 
25 aperture 44, and an outer window 50. Outer window 50 is removable secured in place by 
the use of an clip, not shown, or other suitable means. Windows 48, 50 are made of a 
suitable material, such as fused silica, although other materials, such as optical glasses, 
could also be used. By the use of inner and outer windows 48, 50, if outer window 50 is 
damaged, it can be easily replaced by the user. Accordingly, outer window 50 acts as a 
30 sacrificial window which if damaged, such as can occur through spalling as a result of 
bits of hair exploding when subjected to high power radiation, can be easily replaced. 

Cooling surface 34 is cooled through the use of a coolant evaporator 52 
house within a blind bore 54 formed in aluminum block 30. The coolant, which may be 
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of various commercially available types, commonly Freon® or other fluorinated 
hydrocarbons, is directed to evaporator 52 through a coolant liquid line 56 and is recycled 
back to a refrigerant compressor 62 through a coolant vapor return line 58. Line 58 
coaxially houses coolant liquid line 56, line 58 being housed within thermal insulation 60. 
5 Lines 56, 58 and insulation 60 pass through umbilical cable 28 to refrigerant compressor 
62 associated with a control console 64. Alternatively, cooling surface 34 can be cooled 
by a thermoelectric, Peltier device instead of the coolant evaporator. This, currently 
preferred, embodiment of the cooling device is discussed below with reference to Figs. 
8A-8D. 

10 While it is desired to cool surface 34, such cooling can result in 

condensation on the surfaces of radiation source 36, in particular on the walls of chamber 
38 and on recessed window 46. To help prevent this, a separation slot 66 is made 
between that portion aluminum block 32 used to cool surface 34 and that portion of the 
block used for radiation source 36. An electrical, typically resistive, heating element 68 

15 is positioned along one wall of slot 66, the right wall as shown in Figs. 3 A and 3B, while 
the other, left wall is covered with thermal insulation 70. Heating element 68 is 
connected to console 64 through a conductor 71 extending along umbilical cable 28. In 
lieu of resistive heating element 68, the hot side of a thermoelectric type of heating 
element, such as discussed below with reference to Figs. 8A-8D, could be used. 

20 Laser hair removal treatments are designed to be effective and yet safe. 

That is, the treatment should cause thermal damage to hair tissue 20 but not substantial 
damage to surrounding tissue, such as blistering to the skin. To do so the energy per unit 
area (fluence) of the laser beam 74 at skin surface 6 must be controlled. Part of this 
control requires that the distance between skin surface 6 and the end of optical fiber 42 be 

25 controlled because beam 74 expands as it passes through reflective chamber 38. The 
distribution of energy across the laser beam at the skin surface should be substantially 
constant so that no hot spots, which could cause local damage to the epidermis, are 
created. Also, the individual exposure sites must fit tightly together, commonly called a 
tiled effect, so that there is little or no overlapping of the exposure sites and, at the same 

30 time, little or no area is left unexposed. The simplest shape that meets this tiling 

requirement is a rectangle. Other shapes can create a tiled pattern but they have other 
drawbacks. Reflective chamber 38 and window 46 both have square cross-sectional 
shapes for efficient and effective treatment. 
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Fig. 5 illustrates a graph of fluence versus radial position for a diverging 
beam, such as from optical fiber 42. What is desired is to square off the graph to equalize 
the fluence over the beam spot. This is suggested in Fig. 5 A in which those portions of 
the beam at the edges are reflected or folded over back into the main portion of the beam 
5 to create a generally square wave graph of fluence versus radial position. Fig. 6 

illustrates how this is accomplished with the present invention. The walls 72 of chamber 
38 are made to be highly reflective of the particular wavelength of radiation. In the 
preferred embodiment the wavelength is 1 .06 micron and surface 72 is provided with a 
highly reflective gold surface. As suggested in Figs. 5 A and 6, the diverging laser beam 

10 74 not only passes directly through window 46 but the edge portions of the beam are 
reflected off the walls 72 back into the main portion of the beam to create a generally 
equalized fluence level. Other optical arrangements can be used to help equalize the 
fluence applied to skin surface 6. For example, various devices called optical integrators 
or beam homogenizers are well known in the art of laser material processing. The 

15 simplicity of the present device is possible because the exit aperture, by virtue of being 
close to the cooling surface 34, is located close to the target surface. 

In another embodiment, shown in Fig. 9, reflective chamber 38, exit 
aperture 44 and protective window 46A are spaced much further from the skin surface to, 
for example, give the practitioner a better view of the treatment area 73 through a view 

20 port 75. View port 75 may be an open region, as illustrated, or it could include, for 

example, transparent and/or reflective members to permit direct or indirect viewing of 
area 73. In this case, a lens system 77 is used between exit aperture 44 and window 46 A 
to make an image of the exit aperture on the skin surface at treatment area 73. With this 
approach, the size of the exit aperture need not be the same size as the treatment area 73 

25 on the skin surface. The size of treatment area 73 could be made variable by proper 

selection of the focal length of lens system 77 and the distance between exit aperture 44 
and the lens system. This would be useful when it is desired to use the device for other 
treatments, such as the treatment of varicose veins. 

One way to control unwanted thermal damage to the skin is to cool the 

30 epidermis. Fig. 7 illustrates several idealized plots of tissue temperature versus depth 
below the skin surface. Plot A shows the normal variation of temperature versus depth 
with the temperature rapidly approaching the normal core temperature of 37°C. Plot B 
illustrates the temperature at a range of tissue depth following a laser pulse when there 
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has been no prior cooling of the skin. Assuming the energy is high enough to cause 
thermal damage at a depth of about 2 to 4mm, the typical range of depths need to cause 
damage to hair tissue 20, the skin surface temperature is hot enough to cause blistering 
and burning. The blistering and burning range is indicated by region 76, that is above 
about 68°C, while the temperature needed to cause hair tissue damage is indicated by 
region 78, that is above about 48°C. Plot C illustrates the result of cooling the skin 
surface after adequate pre-cooling. Adequate pre-cooling has commonly been found to 
be created when an aluminum heat sink, pre-cooled to about 0°C, is applied to the skin 
surface for about 1 to 2 seconds. Plot D plots temperature versus skin depth immediately 
after exposing the skin surface, pre-cooled as in the Plot C, to a laser-pulse similar to that 
which created Plot B. As can be seen, pre-cooling the skin surface results in prevention 
of burning or blistering the skin while permitting the target tissue, that is hair tissue 20, to 
be raised to a sufficiently high temperature to cause thermal damage to the tissue. Note 
that the plots in Fig. 7 are not taken from actual test data but are idealized plots provided 
to aid understanding the advantages of pre-cooling of the skin. 

Several patents discuss surface cooling to prevent tissue damage. See, for 
example, U.S. Patents 5,057,104; 5,282,789 and 5, 735,844. Coherent of Santa Clara, 
California sells a diode laser system for dermatological use as the LightSheer. This 
product provides a hand piece with a cold window through which the laser exposure 
occurs. To use the device the window is first pressed against the treatment side for a 
period of time and then the laser beam is fired through the window. One of the problems 
with this simultaneous cooling technique when applied to laser hair removal is that it 
takes two to three seconds with the skin in contact with the cooled window to properly 
cool the skin surface to about 10 to 15°C. Thus, the practitioner must wait for about 2 to 
3 seconds at each treatment site before firing the laser-pulse. 

The present invention eliminates any need to wait prior to firing the laser- 
pulse by separating the cooling surface and the laser discharge window. As seen in Fig. 
4, cooling surface 34 lies adjacent to window 46 in the direction of movement indicated 
by arrow 80. The width of surface 34 and window 46 are substantially the same while the 
length of 34 is about twice the length of window 46, that is with the length considered to 
be in the direction of arrow 80. Assuming a cooling time of 2 seconds is desired, the 
forward end 82 of cooling surface 34 is placed over the first target area on skin surface 6. 
After about one second in that position, device 22 is moved in the direction of arrow 80 

10 
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the length of recessed window 46; in the preferred embodiment this is about one 
centimeter. At this time the first target area shifts to a position covered by cooling 
surface 34 but adjacent to window 46. After a second one-second interval, device 22 is 
again moved the length of recessed window 46; at this time the first target area, which has 
been cooled for a total of about two seconds, is aligned with recessed window 46. The 
practitioner then presses a fire button 84 on body 24 of device 22 causing a laser-pulse to 
be directed at skin surface 6. The practitioner then continues moving device 22 and 
pressing fire button 84 at one-second intervals to provide the desired laser treatment of 
the skin surface. 

The desired two-second cooling of skin surface 6 could also be done with 
cooling surface 34 about the same size as window 46. To do so would require that device 
22 be moved only every two seconds, or some other length of time needed to cool the 
skin surface 4. By making cooling surface 34 with a length greater than the length of 
window 46, the amount of time between laser-pulses need not be controlled by how long 
it takes to cool the skin surf ace. Rather, the device can be designed so that the time 
between laser-pulses is chosen to be at a comfortable pace for the operator while not 
unduly extending the time the entire procedure takes. For example, if it is believed that 
the proper interval between pulses is three-quarters of a second but the skin area needs to 
be cooled for three seconds, the length of cooling surface 34 could be made to be about 
four times the length of window 46; using these parameters, moving device 22 by the 
length of window 46 between each pulse permits the skin surface to be cooled for the 
desired three seconds while the practitioner can operate the fire button at the desired 
three-quarter second between pulses. Therefore, the length of the cooling surface (Y) is 
equal to the length of the window (X) multiplied by the time desired to cool the target site 
(C), the result divided by the desired interval between laser pulses (Z); that is , 
Y = (X • C)/Z. Adjustments to the thermal capacity, thermal conductivity and 
temperature of block 30 and cooling surface 32 can also be made to vary the required 
time needed to cool skin surface 6. 

Fig. 4A illustrates an alternative embodiment of the invention in which 
window 46A is rectangular having a width about three times its length. In this case 
cooling surface 34A would have a width about equal to the width window 46A. 
However, the length of cooling surface 34A is, like in the embodiment of Fig 4, about 
twice the length of window 46A based on the premise that the interval between actuation 
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of fire button 84 will be equal to one-half the length of time it is desired to apply equal 
surface 34A to the skin surface to properly cool the skin surface. 

The pre-cooling of the skin surface followed by the irradiation is based on 
the premise that the skin can be cooled relatively quickly compared with the time it takes 
5 to warm back to its normal temperature. For example, using a cooling surface 34 

maintained at about 0°C and applying the cooling surface to skin surface 6 for one second 
lowers the skin surface temperature about 12°C; application for two seconds lowers the 
skin temperature by about 18°C; application for three seconds lowers the skin temperature 
by about 20°C. Therefore, two seconds of cooling time appears to be adequate with this 

10 particular cooling surface; three seconds of cooling time is better but only marginally so. 
While one second of cooling time does produce a significant drop in skin temperature, it 
may not be adequate depending upon various factors, primarily the amount of pigment in 
the patient's skin, the patient's hair color and other such factors. Accordingly, it is 
believed cooling times from about one to two seconds, and generally more preferably 

15 about two seconds, are expected to produce good results at a reasonable pace with the 
disclosed embodiment. 

In another mode of operation which could be used by experienced 
practitioners, the laser system would be set to emit pulses continuously at a constant 
repetition rate of, for example, 1 Hz. The practitioner would hold the handpiece in 

20 continuous contact with the patient's skin and move it at a constant velocity equal to the 
product of exposure-area length time repetition rate. This will maximize the rate at which 
the treatment proceeds while still providing adequate skin cooling and complete coverage. 

Figs. 8A-8D illustrate another alternative embodiment hair removal device 
22 but with the economically shaped body shown in Fig. 3 removed. Device 22A is 

25 similar to device 22 but instead of using coolant evaporator 52, device 22 uses a 

thermoelectric device 88, typically a Peltier device. Thermoelectric device 88 has a warm 
part and a cold part created by the passage of electricity through the thermoelectric 
device. To remove the heat created, thermoelectric device 88 includes a water cooled 
heat sink 90 having inlet and outlet lines 92, 94. The cold part of device 88 is thermally 

30 coupled to aluminum block 32A so to cool cooling surface 34A. 

Fig. 10 illustrates another embodiment of the invention in which recessed 
window 46 is centered between two cooling surfaces 34. This provides two advantages: 
(1) the practitioner can move device 22 in either direction, back and forth, without having 
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to rotate the handpiece, (2) the trailing cooling surface will reduce both pain and trauma 
to the skin following the laser exposure. This will be particularly important for the 
treatment of patients with darker skin types. 

Another aspect of the invention relates to the control of the laser-pulse 
5 according to the diameter of shaft 4 of hair 2. Part of this selection is based on the belief 
that laser-pulse duration should be selected to match the thermal relaxation time of the 
targeted hair. For small diameter hair the pulse should be shorter while for larger 
diameter hair the pulse should be longer. This belief is used in conjunction with the 
belief that high peak powers should be avoided. Thus, it is preferred to use longer pulse 
10 durations with lower peak powers and to selectively adjust the duration according to the 
shaft diameter to minimize or eliminate damage to epidermis 10 while not sacrificing heat 
transfer to hair tissue 20. With this in mind, it is believed that a wavelength in the range 
of about 800 to 1200nm would be quite suitable for use with the present invention. For 
the preferred embodiment a wavelength of 1.06 micron has been chosen. The choice of a 
15 1 .06 micron laser is beneficial for many reasons. It permits treating of patient having 
darker pigmented skin than the shorter wavelength lasers commonly used. The 1.06 
micron laser is relatively efficient, requires no special cooling and has the ability to create 
high pulse energy (such as about 4000 watts in one preferred embodiment) in low duty 
cycle pulses without large power-consuming support systems. Further the 1 .06 micron 
20 laser can use flash lamp exitation which can be engineered at a fraction of the cost of high 
peak power diode lasers. 

Console 64 is provided with control panel 95 (see Fig. 3) having a number 
of inputs 96 to provide the desired user control. Inputs 96 include a laser-pulse duration 
input, which is chosen according to the hair shaft diameter. The laser-pulse duration 
25 pulse input could be selected in terms of actual or relative time duration or in terms of 
actual or relative hair shaft diameter thickness. In addition to the laser pulse duration 
(hair shaft diameter) input, control panel 96 also includes one or both of a laser-pulse 
amplitude input or a laser-pulse fluence input. Other inputs to permit other variables to 
be controlled can also be provided. Console 64 may also include a display 98 to provide 
30 the user with information, such as the temperature of cooling surface 34, optimal laser 
pulse actuation rate, laser-pulse duration selected, etc. In one preferred embodiment 
control panel 95 includes the following inputs: keyswitch to start the system and turn it 
off, standby and ready buttons to select the state of operation, controls to select fluence 
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level, pulse width and repetition rate, and emergency-off button; and has the option of 
displaying the following information: laser and handpiece status (ready/not ready), laser 
emission indicator, and pulse counter. 

In use, the operator first determines the general diameter of the hair to be 
5 removed from the patient. Then the laser-pulse duration is selected using the appropriate 
input 96. In one embodiment, typical hair shaft diameters of about 25 to 150 micrometers 
will result in laser-pulse durations of about 25 to 150 microseconds. The laser-pulse 
amplitude or laser-pulse fluence is also selected using an appropriate input 96. After 
ensuring that the temperature of cooling surface 34 has reached the desired operating 

10 temperature, the front end 82 of cooling surface 34 is placed on the initial target area on 
the patient's skin. To ensure full treatment of the entire area of the skin without missing 
areas or having excessive overlaps in area, the skin area may be temporarily marked with 
a set of lines or a grid to help guide device 22. Front end 82 of cooling surface 34 is then 
placed at a first target area on the patient's skin. Cooling surface 34 typically remains in 

15 place from about .25 to two seconds. In one preferred embodiment, cooling surface 34 
remains in place for one second; after the first second, device 22 is moved in the direction 
of arrow 80 a distance equal to the length of window 46. After remaining at this position 
for one second, the user again moves a distance equal to one window length. At this 
point the first target area has been cooled for the designed two seconds so the target area 

20 can be irradiated by pressing fire button 84 during the next one-second interval. 

Following the firing of a laser and the expiration of the one-second interval, the operator 
again moves device 22 in the direction arrow 80 one window length and presses fire 
button 84 to irradiate skin surface 6 thus causing thermal damage to hair tissue 20. The 
thermal damage is intended to cause most or all of the treated hairs to fall out and 

25 preferably not grow back. This procedure continues over the entire treatment area. 

Modification and variation can be made to the disclosed embodiments 
without departing from the subject of the invention as defined in the following claims. 
While the invention has been described primarily with reference to hair-treatment 
methods, it may also be useful for other dermatological application. 

30 Any and all patents, patent applications and printed publications referred 

to above are incorporated by reference. 
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